Right-and left-handed circularly polarized light interact differently with electronic charges in chiral materials. This asymmetry generates the natural circular dichroism and gyrotropy, also known as the optical activity. 1,2 Here we demonstrate that optical activity is not a privilege of the electronic charge excitations but it can also emerge for the spin excitations in magnetic matter. The squarelattice antiferromagnet Ba 2 CoGe 2 O 7 offers an ideal arena to test this idea, since it can be transformed to a chiral form by application of external magnetic fields.
Right-and left-handed circularly polarized light interact differently with electronic charges in chiral materials. This asymmetry generates the natural circular dichroism and gyrotropy, also known as the optical activity.
1,2 Here we demonstrate that optical activity is not a privilege of the electronic charge excitations but it can also emerge for the spin excitations in magnetic matter. The squarelattice antiferromagnet Ba 2 CoGe 2 O 7 offers an ideal arena to test this idea, since it can be transformed to a chiral form by application of external magnetic fields.
As a direct proof of the field-induced chiral state, we observed large optical activity when the light is in resonance with spin excitations at sub-terahertz frequencies. In addition, we found that the magnetochiral effect, 3-5 the absorption difference for the light beams propagating parallel and anti-parallel to the applied magnetic field, has an exceptionally large amplitude close to 100%. All these features are ascribed to the magnetoelectric 6,7 nature of spin excitations as they interact both with the electric and magnetic components of light.
Natural circular dichroism (NCD) and gyrotropy are observed respectively as the change in the ellipticity and the rotation in the polarization of the light transmitted through the medium. Since the sign of these quantities depend on the sense of handedness characteristic to the material, NCD is a common probe of chirality from submolecular to macromolecular level over a broad spectrum of the electromagnetic radiation as reviewed in Fig. 1 via the chiroptical study of proteins. Ultraviolet NCD spectroscopy of peptide-bond excitations is a well-established method for the determination of the secondary structure of proteins. Fig. 2b -c, and the crystal becomes chiral.
15
We emphasize that although neither the spin nor the lattice structure alone is chiral, the whole spin-lattice system forms a chiral object. Due to this unique combination, the π/2 rotation of the magnetic field from [100] to [010] direction switches between the right-and left-handed forms of the magnetic crystal, since it is equivalent with a mirror plane reflection as demonstrated in Fig. 2b -c. This chiral state, which is the consequence of magnetoelectric coupling, is highly distinguished from the case of usual chiral molecules and crystal lattices with a given handedness where such a soft switching mechanism is hardly conceivable.
The nature of the spin excitations in the magnetically induced chiral state of Ba 2 CoGe 2 O 7
was studied on high-quality single crystals with a typical thickness of 1 mm by combining time-domain and Fourier transform terahertz spectroscopy. Besides the absorption coeffi-
, changes in the polarization state of linearly polarized light due to NCD and gyrotropy were determined from the transmission components obtained by the time-domain method:
wheret xx andt xy are the complex transmission coefficients for the sample placed between parallel and crossed polarizers, while θ and η are the polarization rotation and ellipticity, respectively. In the terahertz frequency range we found two resonances located at f≈0.5 THz and f≈1 THz. It was argued previously that the low-energy one resembles more a conventional spin-wave excitation, while the unusual 1 THz mode can be active with both the magnetic and electric components of the light and is viewed as magnetoelectric resonance.
21,25
We observed strong NCD and gyrotropy for each propagation direction and polarization configuration whenever the static magnetic field, B dc , was pointing along by a Fourier transform terahertz spectrometer. The conventional magnetic resonance at ∼ 0.5 THz is silent in this geometry and the magnetoelectric resonance at 1 THz is split as discerned in Fig. 4a-b . In fields above 4 T an additional strong mode enters from lower frequencies. This corresponds to the gapless Goldtstone mode in the zero-field limit.
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Depending on light propagation, parallel or antiparallel to the external field, the absorption shows a large difference, ∆α=α The difference of the absorption coefficients for counter-propagating beams, the magneto-chiral dichroism, is huge both for the "Goldstone mode" and the magnetoelectric resonance at ∼ 1 THz.
∆α/α max 70% in the highlighted regions. c-d, The MChD effect, its sign and magnitude, is reproduced well for the both excitations by the theory.
